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(54) Formation of multilayer film 

(57) A multilayer film is formed by applying, on a substrate, the following coatings in the following order: 

(A) a primer, 

(B) an intermediate coating, 

(C) a colouring base coating, 

(D) a pearl-like base coating, and 

(E) a clear coating, 

in which (B) is a liquid thermosetting coating comprising a thermosetting resin composition, a fine aluminium 
powder having an average particle diameter of less than 10 ^m and a titanium oxide pigment, so that a film 
formed from (B) has a hiding power of 25 ^m or less; (C) is a coating comprising a thermosetting resin 
composition, a titanium white pigment and an aluminium flake; and (D) is a white or si Iver-pearMike coating 
comprising a thermosetting resin composition and a scaly rnica powder coated with titanium oxide. 
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2319194 

• 1 ■ 

PROCESS FOR FORMATION OF MULTILAYER FILM 



The present invention relates to a process for 
5 forming a multilayer film superior in chipping resis- 
tance, high white-iridescent appearance, color stabi I- 
ity. etc. even when having a smal I film thickness. The 
process is suitably used for coating of. in particular, 
the body panel, color bumper, etc. of automobile. 
,p It is already in practice to form an irides- 

cent film by the use of a coating containing a scaly 
mica powder coated with a metal oxide such as titanium 
oxide or the like. It is already known, for example, to 
form a multilayer f i Im by applying, on apr imer-coated 
15 surface, an organic solvent type base col or capable of 
forming a film of N 4 to N 8 in Munsell's color system, 
then applying, without curing the above-app I ied base 
color, ah organic solvent type transparent iridescent 
coating containing a mica powder coated with a meta I 
20 oxide and also a clear coating, and heat-curing the 
above-applied three coatings simultaneously (see. for 
example. U.S. Patent No. 4.539.258). The multilayer 
film formed by the above approach, however, is insuffi- 
cient in hiding power (color stability) for base color 
25 film (this necessitates the formation of the base color 
film in a large film thickness) and moreover inferior in 
high white-iridescent appearance. These drawbacks of 
the multilayer fi Im are very serious when the multilayer 
f i Im is formed on the body panel of automobi le wherein 
30 the appearance of the film is important. Hence, the 
drawbacks need be e I i m i nated urgent I y. 

In this connection, the present applicant 
previously proposed that the above drawbacks can be 
eliminated by using, as the organic solvent type base 
35 coating, a coating containing a titanium white pigment 
and an aluminum flake so as to be able to form a film of 
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N 7 to N 9 in Munse I T s co I or system (see 6B-A-225974) . 

The present app I i cant made a further study. 
As a result, the present applicant found out tat by 
using, as an intermediate coating to be applied prior to 
5 the application of the organic solvent type base color, 
a liquid thermosett i ng coat i ng containing a thermoset- 
ting resin composition, a fine aluminum powder having an 
average particle diameter of less than 10 urn and a 
titanium oxide pigment, the amounts of the fine aluminum 

10 powder and the titanium oxide pigment being 0.1-30 parts 
by weight and 1-200 parts by weight, respectively, per 
100 parts by weight of the thermosetting resin composi- 
tion so that a film formed from the I i qu id thermosetting 
coating has a hiding powder of 25 jim or less, the total 

15 thickness of the resulting multi layer f i Im can be made 
small and the properties (e.g. chipping resistance) of 
the multilayer film can be improved further. The pres- 
ent invention has been completed based on the finding. 

According to the present invention, there is 

20 provided a process for forming a multilayer film by 

applying, on a substrate, the following coatings in the 
following order: 

(A) a pr imer . 

(B) an intermediate coating, 
25 (C) a coloring base coating. 

(D) a pear I- 1 ike base coat ing, and 

(E) a clear coating, 

in which process the i ntermed i ate coat i ng (B) is a 
liquid thermosetting coating containing a thermosetting 

30 resin composition, a fine aluminum powder having an 
average particle diameter of less than 10 \xm and a 
titanium oxide pigment, the amounts of the fine aluminum 
powder and the titanium oxide pigment being 0.1-30 parts 
by weight and 1-200 parts by weight, respectively, per 

35 100 parts by weight of the thermosetting resin composi- 
tion so that a film formed from the liquid thermosetting 
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coating has a hiding powder of 25 um or less; the color- 
ing base coating (C) is a coating containing a ther- 
mosetting resin composition, a titanium white pigment 
and an aluminum flake, the amounts of the titanium white 
pigment and the aluminum flake being such that a film 
formed from the coating has a value of N 7 to N 9 in 
Munsell's color system: and the pearl-like base coating 
(D) is a white-pear l-l ike or si Iver-pear l-l ike coating 
containing a thermosetting resin composition and a scaly 
mica powder coated with titanium oxide. 

The process for formation of mult i layer fi Im 
according to the present invention (the process^ i s 
hereinafter referred to as "the present process") is 
described below in detai I. 
15 Primer (A) 

The primer (A) is a coating to be directly 
applied to a substrate made of a metal, a plastic or the 
like, i.e. a material to be coated so that the resulting 
material can have rust-proofness. adhesivity. etc. The 
primer (A) has no particular r estr i ct i on as to the kind 
and. in the present process, there can be used any 
ordinary primer as I ong as it achieves the above object. 
The substrate to which the primer (A) is applied, is 
particularly preferably the body pane I of automobile. 
It is usually desirable that the substrate Is beforehand 
subjected to appropriate treatments such as rust proven 
tion. washing, chemical treatment and the like. 

When the substrate is metallic-made or has 
surface conductivity, the primer (A) is preferably a 
cationic electrocoating. The cationic electrocoating 
has no particular restr i ct i on as to its k i nd and can be 
a per se known cationic electrocoating obtained by 
mixing an aqueous solution or dispersion of a salt of a 
cationic polymer, as necessary with a crossi inking 
agent, a pigment and additives. The cationic polymer 
includes, for example, an acrylic resin or epoxy resin 



20 



25 



30 



35 



SNSDCXJIO- <GB 23191 94A_ l_> 



which has a cross I i nkab I e functional group and to which 
a cat ion to group (e.g. an amino group) is introduced, 
and these resins can be made water-soluble or water- 
dispersible by neutralization with an organic acid, an 
5 inorganic acid or the like. The cross i ink i ng agent 
usable to cure said resin is preferably a blocked 
poly isocyanate. an alicyclic epoxy resin or the like. 

In applying the cat ionic e I ectrocoat i ng, 
e I ectrodepos i t i on is conducted; that is. a metallic 

10 material as substrate (e.g. an automobile body panel or 
a bumper) is immersed as a cathode in a bath consisting 
of said cat ionic e I ectrocoat i ng. and an electric current 
is passed between said cathode and an anode under ordi- 
nary conditions to precipitate the above-ment i oned 

15 resin, etc. on the metallic material. The pr ef erab f e 

thickness of the resulting e I ectrocoat i ng f i i m is gener- 
ally 10-40 urn. preferably 20-35 iim as cured. The film 
can be cross! inked and cured by heat i ng genera 1 1 y at 
about 140-220^; for about 10-40 m inutes. In the present 

20 process, an intermediate coating may be applied before 
the cationic e I ectrocoat ing is cured; however, it is 
generally preferable that the intermediate coating is 
applied after the cationic e I ectrocoat i ng has been 
cured. 

25 Intermediate coating (B) 

In the present process, there is used, as the 
intermediate coating (B) , a liquid thermosett i ng coat i ng 
containing a thermosetting res i n compos i t t on, a fine 
aluminum powd!er having an average particle diameter of 

30 jess than 10 iim and a titanium oxide pigment, the 

amounts of the fine aluminum powder and the titanium 
oxide pigment being 0.1-30 parts by weight and 1-200 
parts by weight, respectively, per 100 parts by weight 
of the thermosetting resin composition so that a f i Im 

35 formed from the liquid thermosetting coating has a 
hiding powder of 25 or less. 
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By using, in the intermediate coat ing (B). a 
fine aluminum powder and a titanium oxide pigment in 
combination, the fol lowing effects can be obtained. 
That is. a film formed from the intermediate coating (B) 
5 has a large hiding power and can sufficiently hide the 
substrate [the film of the primer (A)] even when the 
film has a small thickness of less than 25 \m or less, 
particularly 10-25 pm: moreover, when the coloring base 
coating (C) is applied on the uncured film of the inter- 
10 mediate coating (B) to form a film of the coloring base 
coating (C). no mixing of the two films takes place. 
Further, since the aluminum powder used in the interme- 
diate, coating (B) has very small diameters and is fine, 
the film formed from the intermediate coating (B) usu- 
15 ally has no glittering metallic appearance. 

the thermosetting resin composition used as a 
vehicle component in the intermediate coating (B). 
basically comprises a base resin and a cross I ink ing 
agent. As the base resin, there can be mentioned, for 

20 example, an acrylic resin, a polyester resin and an 
alkyd resin all having, in the molecule, at least two 
crosslinkable functional groups selected from hydroxy I 
group, epoxy group, isocyanate group and carboxyl group, 
etc. A polyester resin is particularly preferred in 
25 view of the chipping resistance, rust prevention, etc- 
of the fi Im formed from the resulting intermediate 
coating (B) . As the cross I i nk i ng agent, there can be 
used, for example, an amino resin (e. g. a melamine resin 
or a urea resin), a blocked or non-blocked poly isocya- 
30 nate compound and a carboxyl group-containing compound.^ 
As the fine aluminum powder used in the inter 
mediate coating (B) . there is used a fine aluminum 
powder having an average particle diameter of less than 
10 pm. preferably 3-7 urn. An aluminum powder having an 
35 average particle diameter of more than 10 ym is not 
preferred because the film formed from the resulting 
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coating has a low hiding power generally. Herein, 
"average particle diameter" refers to a median diameter 
as measured by laser diffraction scattering method 

(LA-SPO) - The main component of the fine alumi- 
5 num powder is metallic aluminum, and its surfaces may be 
coated with a s i I ane coup I i ng agent or the like. 

As the titanium oxide pigment used in the 
intermediate coating (B) , there can be used a a titanium 
oxide pigment per se known as a pigment for coating. 
10 The preferable average particle diameter of the titanium 
oxide powder is usually 5 \m or less. The surfaces of 
the titanium oxide pigment may be coated with alumina, 
silica or the like. 

As to the amounts of the fine aluminum powder 
15 and the titanium oxide pigment used in the intermediate 
coating (B), the amount of the former can be 0.1-30 
parts by weight, preferably 0.5-20 parts by weight, more 
preferably 1-7 parts by we i ght per 100 parts by weight 
of the thermosetting resin composition; and the amount 
20 of the latter can be 1-200 parts by weight, preferably 
40-150 parts by weight, more preferably 80-120 parts by 
weight per 100 parts by weight of the thermosetting 
resin composition. Preferably, the amount of the fine 
aluminum powder is 1-15 parts by weight, preferably 1.5- 
25 10 parts by weight, more preferably 2-7 parts by weight 
per 100 parts by weight of the titanium oixde pigment. 

The total amount of the fine aluminum powder 
and the titanium oxide pigment used in the intermediate 
coating (B) can be such that the film formed from the 
30 intermediate coating (B) has a hiding power of 25 um or 
less, part icu lar ly 8-20 um as cured. Herein, "hiding 
power" refes to the minimum thickness of a film formed 
on a substrate, at which the color of the substrate can 
not be seen through the f i Im; and spec i f i ca I I y i s the 
35 minimum thickness of a film formed on a black and white 
checkered plate, at which the black and white of the 
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plate can not be distinguished through the f i Im w.th 
naked eyes. In the present process, by using, .n the 
intermediate coating (B) . the fine aluminum powder and 
the titanium oxide powder in combination in particular 
5 amounts, the f i Im formed from the intermediate coat, ng 
(B) can have a hiding powder as good as 25 pm or less^ 
The intermediate coating (B) can be produced 
by dispersing the above-mentioned components, i • e. a 
thermosetting resin composition, a fine aluminum powder 
10 and a titanium oxide pigment in a solvent such as or 
ganic solvent and/or water. The intermediate coat.ng 
(B) can further contain, as necessary, a coloring pig- 
ment other than the fine aluminum powder and the tita 
nium oxide pigment, an extender pigment, ad. spers. on 

15 stabilizer, etc. ... 

The intermediate coating (B) i s app I . ed on the 

cured or uncured film of the primer (A) preferably by a 
method such as electrostatic coating, air spray. ng 
airless spraying or the like in a f i Im thickness (as 
20 cured) of 25 um or less, particularly 10-25 ^m. more 

particularly 13-23 \m. 

The thus-formed f i Im of the intermediate 
coating (B) can have a glass transit i on temperature (Tg) 
of generally 40°C or less, preferably -60<t to 40 C. 
25 more preferably -20"C to 35*t:. * 

In the present specification, the Tg ot a 
coating film is a value obtained by applying a coating 
sample on a glass plate so as to form a ' ^f "^^' [""^ ^ 
thickness (as cured) of 50 ym, curing the f . Im at 140 C 
30 for 30 minutes, peeling off the cured film from the 

glass plate, and measuring the Isolated fi Im for dynam.c 
glass transition temperature Cti) using a dynamic v.sco 
elastometer. MODEL VIBRON DDV-IIEA (a product of TOYO 
BACDWIN Co . Ltd.). at a frequency of 110 Hz at a 
35 temperature elevation rate of S'tJ/min. 

In the present process, a coloring base coat- 
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ing (C) may be applied on the uncured film of the inter- 
mediate coating (B) . In general, however, the coloring 
base coating (C) is desired to be applied on the cross- 
linked and cured film of the intermediate coating (B) . 
5 The film of the intermediate coating (B) can be cross- 
linked and cured, for example, by heating it at about 
100-170" for about 10-40 minutes. 
Coloring base coating (0) 

According to the present process, on the 
10 above-formed cured or uncured film of the intermediate 
coating (B) is applied a coloring base coating (C) . fn 
the present process, there is used, as the coloring base 
coating (C) , a thermosett i ng co f or i ng coating containing 
a thermosetting res i n compos i t i on, a titanium white 
15 pigment and an aluminum flake, the amounts of the tita- 
nium white pigment and the aluminum flake being such 
that a fi Im formed from the coating has a value of N 7 
to N 9 i n Munse I 1' s co I or system. 

The coloring base coating (C) is preferably a 
20 thermosetting coat ing contai ni ng, as essential compo- 
nents, a thermosetting res i n compos i t i on, a so 1 vent . a 
titanium white pigment and an aluminum flake and, as 
necessary, other coloring pigment, an extender pigment, 
other additives for coating/ etc. 
25 The thermosetting resin composition used as a 

vehicle component in the coloring base coating (C) , 
basically comprises a base resin and a cross! inking 
agent. Specific examples of the base resin are an 
acrylic resin, a polyester resin, an alkyd resin and a 
30 urethahe resin all having, in the molecule, at least two 
crossi i nkab le functional groups selected from hydroxy! 
group, epoxy group, isocyanate group, carboxyl group, 
etc. An acrylic resin is particularly preferred in view 
of the weatherabi I i ty. fine appearance, etc. of the film 
35 formed from the coloring base coating (C) . The cross- 
linking agent includes, for example, a melamine resin, a 
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urea resin and a blocked or non-blocked po I y i socyanate 
compound. The base resin and the cross I i nk i ng agent are 
used by dissolving or dispersing them in a solvent such 
as organic solvent, water or mixture thereof. 

5 The titanium white pigment is a white pigment 

composed mainly of titanium dioxide. It is generally 
preferable that this pigment has an average particle 
diameter of 0.2-0.35 ym. particularly 0.25-0.30 ^m. The 
aluminum flake is scaly metal aluminum. It is generally 

10 preferable that this aluminum flake has a thickness of 
0.1-1 urn. particularly 0 2-0. 5 urn. particle diameters of 
1-20 \m and an average particle diameter of 10 vm or 
less. 

The base coating (0) is produced so as to be 
15 able to form a f i Im having a value of N 7 to N 9. pref- 
erably N 7.5 to N 8. 8 in Munsell's color system by using 
the titanium white pigment and the aluminum flake in 
combination. To satisfy the above requirement, it is 
generally preferable that the aluminum flake is used in 
20 an amount of preferably 0.5-10 parts by weight, more 
preferably 1-5 parts by weight per 100 parts by weight 
of the titanium white pigment and that the total amount 
of the two components i s 40-250 parts by weight, partic- 
ularly 60-200 parts by weight, more particularly 80-150 
25 parts by weight per 100 parts by weight of the solid 
content of the thermosetting resin composition. 

By controlling the titanium white pigment and 

the aluminum flake i n such proport i ons. a coloring base 
coating film of a white to light gray color having no 

30 glitter can be formed. By coating, on such a film of 
the coloring base coating (C). a white-pearl-like or 
silver-pearl-like base coating (D), a novel decorative 
multilayer film superior in high white-iridescent ap- 
pearance, etc. can be formed. 

35 The coloring base cpating (0) can be applied 

on the cured or uncured film of the intermediate coating 
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(B) by a method such as e I ectrostat i c coat i ng, air 
spraying, airless spraying or the like. The preferable 
thickness of the resulting film is generally 5-20 urn, 
particularly 8-18 pm as cured. The film can be cross- 

linked and cured by heating it at a temperature of about 
100-170°C for about 10-40 minutes; in the present inven- 
tion; however, the film is not cross! inked or cured and 
a pearl-like base coating (D) is app I i ed thereon while 
the film is still in an uncross 1 i nked and uncured state. 

The thus-formed film of the coloring base 
coating (0) can have a glass transition temperature of 
general ly 40-120^;. preferably 60-100''C. more preferably 
80-95*t:. 

Pearl-like base coating (D) 

As the pear I - 1 i ke base coating (D) appl ied 
onto the film of the coloring base coating (C) according 
to the present process, there is generally used a white- 
pear I- I ike or s i I ver-pear 1 - I i ke liquid coating contain- 
ing, as main components, a thermosetting resin composi- 
tion, a scaly mica powder coated with titanium oxide, 
and a solvent and, as necessary, a co I or i ng p i gment, an 
extender pigment, other additives for coating, etc. 

The thermosetting resin composition basically 
comprises a base resin and a cross I inking agent. Spe- 
cific examples of the base resin are an acrylic resin, a 
polyester resin, an alkyd resin and a urethane resin all 
having, in the molecule, at least two cross I i nkab I e 
functional groups selected from hydroxy I group, epoxy 
group, isocyanate group, carboxyl group, etc. An acryl- 
ic resin is particularly preferred. The cross! inking 
agent includes, for example, a meiamine resin, a urea 
resin and a blocked or non-blocked po I y i socyanate com- 
pound. The base resin and the cross I i nk i ng agent can be 
used by dissolving or dispersing them in a solvent such 
as organic solvent, water or mixture thereof. 

The scaly mica coated with titanium oxide. 
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used in the pearl-like base coating (D) i s non-irides- 
cent mica generally called "white mica" or "s i I ver mi ca" 
and is distinguished from iridescent mica. The scaly 
mica powder whose particle surfaces are coated with 
5 titanium oxide, used in the present invention preferably 
has the maximum diameter of genera I I y 5-60 urn. particu- 
lar I y 5-40 pm. more particularly 5-25 um and a thickness 
of 0 25-1.5 um. particularly 0.5-1 um. In order for the 
film of the base coating (D) to have a white-pear I- 1 ike 
10 surface or a si I ver-pear l-l ike surface, it is preferable 
that the titanium oxide coated on the scaly mica powder 
general ly has an optical thickness of 90-1 60 nm and a 
geometrical thickness of 40-70 nm. 

There i s no strict restriction as to the 
15 amount of the scaly mica coated with titanium oxide, but 
the preferable amount i s generally 3-20 parts by weight, 
particularly 7-13 parts by weight per 100 parts by 
weight of the total solid content of the resin composi- 
tion. 

20 The pearl-like base coating (D) may further 

contain, as necessary, a si Iver-plated glass flake. 

titanium-coated graphite, a metal titanium flake, platy 

iron oxide, a phthalocyanine flake, etc. 

The pear I- 1 ike base coating (D) can be coated 

25 on the cured or uncross I i nked uncured f i Im of the color- 
ing base coating (C) by a method such as electrostatic 
coating, air spraying, airless spraying or the like. 
The preferable thickness of the resulting film of the 
base coating (0) is 5-20 um. particularly 8-18 um as 

30 cured. The preferable total thickness of the film of 

the coloring base coating (C) and the film of the pearl- 
like base coating (D) is generally 30 um or less, par- 
ti cu I ar I y 10-25 u™ as cured. The film of the base 
coating (D) can be crosslinked and cured by heating it 

35 at a temperature of about 100-1 70*t for about 10-40 

minutes. In the present process, after curing the film 



NSDOCID <GB_ 23191 94A„L> 



substantially completely or partially, or without curing 
the film, a clear coating (E) , which is described below, 
is coated thereon. The thus-formed film of the pearl- 
like base coating (D) can have the same Tg as the film 
5 of the coloring base coating (C). 
Clear coating (E) 

The clear coating (E) is a coating which is 
applied onto the above-formed cured or uncured film of 
the pearl-like base coating (D) and which is capable of 
10 forming a clear film. As the clear coating (E), there 
can be used a liquid coating containing, as main compo- 
nents, a thermosetting resin composition and a solvent 
and f urther conta i n i ng, as necessary, a coloring pig- 
ment, a metallic pigment, an u I trav i o I et absorber, other 
15 additives for coating, etc. to such an extent that the 
transparency of the film of the clear coating (E) is not 
impa i red. 

The thermosetting resin composition baisically 
comprises a base resin and a cross finking agent. Spe- 

220 cific examples of the base resin are an acrylic resin, a 
polyester resin, an alkyd resin and a urethane resin ail 
having, in the molecule, at least two cr oss I i nkab I e 
functional groups selected from hydroxyl group, epoxy 
group, isocyanate group, carboxyl group, etc. The 

25 cross linking agent includes, for example, a me famine 
resin, a urea resin and a blocked or non-blocked poly- 
i socyanate compound. As the solvent, there can be used 
an organic solvent, water or a mixture thereof. 

The clear coating (E) can be coated on the 

30 above-formed cured or uncured fi Im of the pear I - 1 i ke 
base coating (D) by a method such as electrostatic 
coating, air spraying, airless spraying or the like. 
The preferable thickness of the resulting film of the 
clear coating (E) is 10-100 \xm, particularly 20-80 \m as 

35 cured. The f i Im of the clear coating (E) can be cross- 
linked and cured by heating it at a temperature of about 
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100-170*^ for about 10-40 minutes. 

In the present process, after the coloring 
base coating (C) . the pear l-l i ke base coat i ng (D) and 
the clear coating (E) have been coated in this order. 
5 all on a wet-on-wet basis, the resulting three films can 
be heated at a temperature of about 100-160*'C. prefera- 
bly 120-150**C for about 10-60 minutes to crosslink and 
cure them simultaneously (3-coatl-bake). This opera- 
tion can be carried out by steps consisting of the 
10 application of the coloring base coating (C) - room 

temperature standing CD - the app I i cat i on of the pearl- 
like base coat ing (D) - room temperature standing (2) - 
the application of the clear coating (E) " heating for 
curing. Optionally, the room temperature standing (1) 
15 and/or the room temperature standing (2) may be replaced 
by preliminary drying at about 50-1 00*^. particularly at 
about 60-80 1). Th i s pre I Im i nary dry i ng i s pref erab I y 
carried out to such an extent that the gel fraction of 
each film remains at 60% by weight or less, particularly 

20 at 50% by weight or less. 

The fol lowing meritorious effects are provided 

by the present process. 

(1) By using, as the intermediate coating (B) . a 

liquid thermosetting coating containing a thermosetting 
25 resin composition, a fine aluminum powder having an 
average particle diameter of less than 10 um and a 
titanium oxide pigment, the amounts of the fine aluminum 
powder and the titanium oxide pigment being 0.1-30 parts 
by weight and 1-200 parts by weight, respectively, per 

30 100 parts by weight of the thermosetting resin compo- 
sition so that a film formed from the I iqu i d thermoset- 
ting coating has a hiding powder of 25 pm or less, the 
intermediate coating (B) can be applied in a small 
thickness to hide the surface of the film of the primer 

35 (A). Further, by using such a liquid thermosetting 

coating as the intermediate coating (B) . the multilayer 
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film formed by the present process can have improved 
chipping resistance. 

(2) The coloring base coating (C) containing a 
titanium white pigment and an aluminum flake and thereby 
capable of forming a f i Im having a value of N 7 to N 9 

in Munsell's color system, has a very high hiding power. 
Therefore, the multilayer film formed by the present 
process is remarkably improved in high white-iridescent 
appearance. CO lor stability, etc. even when the total 
thickness of the film of the base coating (C) and the 
film of the base coating (D) is as small as 30 urn or 

I ess. 

(3) The scaly mica powder coated with titanium 
oxide, used in the pearl-like base coating (D) has a 
white pearl tone or a silver pearl tone. Therefore, the 
multilayer film formed by the present process is superi- 
or in high wh i te- i r i descent appearance, color stability, 
etc. 

The present invention is hereinafter described 
more specifically by way of Examples and Comparative 
Examples. In the f o I I owi ngs. parts and % are by weight 
unless otherwise specified. 
I. Samples 

(1) Primer (A) 

A cat ionic e I ectrocoat i ng : ELECRON 9400HB 
(trade name), a product of Kansai Paint Co.. Ltd. con- 
taining an epoxy-polyam i ne type cationic resin and a 
blocked poly i secy anate compound (a curing agent). 

(2) Intermediate coatings (B) 

(B-1) to (B-5) are each an organic solvent 
type coating containing a hydroxy I group-containing 
polyester resin, a me I amine resin, a fine aluminum 
powder and a titanium oxide pigment in the proportions 
shown in the following Table 1. In Table 1, the propor- 
tions of individual components are by weight based on 
the solid contents. 
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Table 1 



5 



10 





Intermediate coatings (B) 


B-1 


8-2 


B-3 


B-4 


B-5 


Polyester resin 


65 


70 


75 


70 


70 


Melamine resin (♦2) 


35 


30 


25 


30 


30 


Fine aluminuni powder (♦S) 


5 


2 


2 




2 


Titanium oxide pigment (*4) 


120 


100 


80 


80 




Hiding power (yun) (♦S) 


11 


13 


15 


100 


50 


Glass transition temp. CC) 


35 


35 


30 


35 


35 



15 (*1) Phthalic anhydr i de/hexahydrophtha I i c anhydride 
type polyester resin (number-average molecular 
weight = about 4.000, hydroxy I value = 82. acid 

va I ue - 7) 

(»2) U-Van 28-60 (a product of MITSUI TOATSU CHEMI- 

20 CALS, INC. ) 

(*3) K-9800 (a product of Asahi Chemical Industry 

Co . Ltd.. average particle diameter =5-6 um) 
(♦4) Titanium JR701 (a product of TEIKOKU kAKO CO.. 
LTD.. verage particle diameter = 0.3-0.6 >im) 
25 (*5) The minimum thickness (urn) of a film formed on a 
black and white checkered plate, at which the 
black and white of the plate can not be distin- 
guished through the film with naked eyes. 

30 (3) Coloring base coatings (C) 

(C-1) to (C-4) are each an organic solvent 
type coating containing a resin component (consisting of 
a hydroxy I group-containing acrylic resin and a melamine 
resin), a titanium white pigment, an aluminum flake and 

35 carbon black in the proportions (by weight) shown in the 
following Table 2. In Table 2. the proportions of the 
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hydroxyl group-containing acrylic resin and the melamine 
resin are shown based on the respective solid contents. 



Table 2 



15 





Coloring base coatings (C) 


C-1 


C-2 


C-3 


C-4 


Hydroxy 1 group-conta i n i ng 
acryl ic resin (*6) 


70 


70 


70 


70 


Melamine resin (*7) 


30 


30 


30 


30 


Titanium white pigment (*8) 


100 


100 


100 


100 


A 1 um i num f 1 ake (^9) 


2.5 


1.3 






Carbon black (*10) 






0. 1 


0. 05 


N value in Munseil's chart 


8. 4 


8. 8 


8.4 


8. 8 


Hiding power (fim) (♦S) 




10 


20 


30 


G 1 ass trans i t i on temp. CO 


90 


90 


90 


90 



20 

(*6) Hydroxyl group-containing acrylic resin: 

hydroxyl value = 110. number-average mo I ecu I ar 

weight = 25, 000 
(*7) Melamine resin: butyl-ether i f 1 ed melamine resin 
25 (*8) Titanium white pigment: rutile type titanium 

oxide pigment, a product of TEIKOKU KAKO CO. . 

LTD., particle diameter = 0.25-0.30 iim 
(*9) Aluminum flake: non-reefing aluminum paste, a 

product of TOKYO ALUMINUM K. K. . thickness = 0, 2- 
30 0.5 \xm, average particle diameter = 10 um or 

less 

(*10) Carbon black: BLACK PEARL SI 300, a product of 
CABOT CO. 

35 (4) Coloring base coating (C-5) 

An aqueous emulsion type coating containing 
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10 



100 parts by weight (as solid content) of a resin emul- 
sion [consisting of 65 parts of a hydroxy I group-con- 
taining acrylic resin 15 parts of a urethane 
resin (*12) and 20 parts of a melaroine resin (*13)]. 100 
parts of a titanium white pigment (*8 in Table 2) and 
2.5 parts of an aluminum flake (*9 in Table 2). N value 
in Munsel I's color system =8.4: hiding power = 10 um: 
glass transition temperature = 85*^. 

(*11) Hydroxy I group-containing acrylic resin: 
an emulsion having an average particle 
diameter of 0.1 pm and a hydroxy I value of 
30. neutral ized with dimethy lethanolamine. 
(*12) Urethane resin: an emulsion obtained by 
means of chain extension reaction with 
15 water, neutra I i zed wi th tr i ethy I am i ne. 

(*13) Melamine resin: U-Van 28SE (trade name), 
a product of MITSUI TOATSU CHEMICALS. 
INC. . a hydrophobic melamine resin. 
(5) Pear I -I ike base coatings (D) 

(D-1) : an organic solvent type coating cen- 
tal ni ng 70 parts of a hydroxyl group-containing acrylic 
resin (*14). 30 parts of a butylated melamine resin 
(♦14) and 10 parts of scaly mica coated with titanium 
oxide [maximum diameter = 10-20 um. thi ckness = 0. 5-1 
25 um. optical thickness of titanium oxide = about 140 nm. 
geometrical thickness of titanium oxide = about 60 nm. 
IRIODIN 103R (trade name) . a product of Merck Co. ) 3 : 
solid content = 20%: glass transition temperature = 
90°C. 

30 (*14) Hydroxyl gr oup-conta i n i ng aery I i c res i n : 

hydroxyl value = 100, number-average mo- 
lecular weight = 20.000. 
(*15) Butylated melamine resin: a methyl- and 
buty l-ether ifed melamine resin. 
35 (D-2) : an aqueous coating containing 100 

parts by weight (as solid content) of an aqueous resin 



20 
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emulsion [consisting of 65 parts of a hydroxy I group- 
containing acrylic resin (*16), 15 parts of a urethane 
resin (*17) and 20 parts of a me I amine resin (*18)] and 
10 parts of scaly mica coated with titanium oxide 
(IRIODIN 103R mentioned above); solid content = 20%; 
glass transition temperature = 85°C. 

(*16) Hydroxy I group-containing acrylic resin: 
an emulsion having an average particle 
diameter of 0. 1 |im and a hydroxyl value of 
35. neutralized with d i methy I ethano I am i ne. 
(*17) Urethane resin: an emu I s i on obta i ned by 
means of cha i n extension reaction with 
water, neutralized with tr i ethy I am i ne. 
(*18) Me I amine resin: U-Van 28SE (trade name), 
a product of MITSUI TOATSU CHEMICALS. 
INC.. a hydrophobic me I amine resin. 
(6) Clear coating (E) 

LUGABAKE CLEAR (trade name), a product of 
Kansai Paint Co.. Ltd.. an acr y I i c res i n-am i no resin 
system, an organic solvent type, glass transition tem- 
perature = 90*t. 

II. Examples and Comparative Examples 

On a degreased and zinc phosphate-treated 
steel plate (JIS 6 3141- 400 mm x 300 mm x 0. 8 mm) was 
electrocoated. by ah ordinary method, a cationic 
electrocoating so as to give a film of 20 \xm in thick- 
ness as cured. The coated cationic electrocoating was 
heated at 170*t! for 20 m i nutes for cross i i nk i ng and 
curing. 

Oh the cured f i Im of the cationic electrocoat- 
ing formed on the steel plate was coated one of the 
intermediate coatings (B-1) to (B-5) by the use of a 
miriibell type rotary static electrocoating machine under 
the conditions of discharge amount = 180 cc. 40,000 rpm. 
shaping pressure = 1 kg/cm^, gun distance = 30 cm. 
conveyor speed =4.2 m/min. booth temperature = 20^C and 
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booth humidity = 75%. The coated intermediate coating 
was heated at lAO't for 30 minutes for cross 1 i nk i ng and 
curing. The thickness of the result i ng fi Im of the 
intermediate coating was 15 pm as cured. 
5 On the cured f i Im of the intermediate coating 

was coated one of the coloring base coatings (C-1) to 
(C-4) by the use of a minibeH type rotary static 
electrocoating machine under the conditions of discharge 
amount = 180 cc. 40.000 rpm. shaping pressure =1 
10 kg/cm '. gun distance = 30 cm. conveyor speed = 4. 2 ^ 
m/min. booth temperature = 20°C and booth humidity - 
75%. The thickness of the resulting f i Im of the color- 
ing base coating was 10 pm as cured. 

Then, on the uncured film of the coloring base 
15 coating was coated, in two stages, one of the pear l-l ike 
base coatings (D-1) and (D-2) by the use of a REA gun 
under the conditions of discharge amount = 180 cc. 
atomization pressure = 2.5 kg/cm^ pattern pressure - 
3.0 kg/cm', gun distance = 35 cm. conveyor speed - 4.2 
20 m/min. booth temperature = 20'^C and booth humidity = 
75%. The thickness of the resulting f i Im of the pearl 
like base coating was 4-5 ^m as cured, in each stage and 

8-10 urn as cured, in total. 

Then, on the uncured f i I ra of the pearl-like 
25 base coating was coated the clear coating (E) by the use 

of aminibell type rotary static electrocoating machine 

under the conditions of discharge amount = 320 cc. 

40.000 rpm. shaping pressure = 1-2 kg/cm ^ gun distance 

= 30 cm. conveyor speed = 4. 2 m/min. booth temperature = 
30 20**C and booth humidity = 75%. The thickness of the 

resulting film of the clear coating (E) was 25 pm as 

cured. 

The resulting plate was allowed to stand in a 
room for 3 minutes and then heated at 140*C for 30 
35 minutes in a dryer of hot air circulation type to sub-^ 
ject the three-layered films of the coloring base coat- 
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ing, the pear I - 1 i ke base coating and the clear coating 
simultaneously to cross I ink ing and curing. 
111. Performances of multilayer films 

The plates each having a multilayer film 
5 formed thereon, prepared in Examples and Comparative 
Examples were measured for the performances of respec- 
tive mu I t 1 I ayer films. The results are shown in Table 
3, together with the outline of the above coating opera- 
tion. 
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Table 3 







Examples 


Comparative Examples 




1 




3 


4 


1 


2 


3 |4| 




6 


Primer 


Name 


ELECRON 9400 HB 






170°C X 20 mi 


n 












B-1 


8-1 


B-2 


B-3 


B-4 


B-4 


B-4 


B-4 


B-4 


B-5 


1 ntermed i ate 
coat i ng 


pi im thickness 
(ym) 


20 


20 


20 


20 


20 


20 


20 


35 


35 


20 




140*C X 30 mi 


n 








Coloring base 
coat i ng 


Svii^>o 1 


C-1 


0-2 


C-2 


C-5 


C-2 


C-3 


C-4 


C-4 


C-4 


C-2 


Fi Im "thickness 
(pm) 


10 


10 


10 


10 


10 


10 


10 


20 


35 


10 


Drying 


w 


W 


w 


W 


W 


W 


W 


W 


H 




Pearl- like 
base coating 


Symbo 1 




D-1 


D-2 


D-1 


D-1 


D-1 


D-1 


D-1 


D-1 


D-1 


Fi Im thickness 
(ym) 


10 






Drying 


W 


w 


W 


1. 






w 


• 


• 


W 


Clear coating 


Name 


LU6ABAKE CLEAR 


Cur i ng 


140°C X 30 min 


Performance t 


est results 










Chipping resistance 


A 


A 


A 


A 


6 


B 


B 


B 


A 


B 


iridescence 
fee 1 i ng 


SV 


270 


250 


250 


250 


250 


280 


300 


275 


250 


275 


IV 


116 


115 


115 


115 


115 


117 


117 


116 


116 


116 


Unevenness 




A 


A 


A 


A 


A 


B 


C 


B 


A 


B 


Total thickness of 
intermediate coating film 
and coloring base coating 
f i Im (ym) • 


30 


30 


30 


30 


30 


30 


30 


55 


70 


30 
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In "Drying" of Table 3. W refers to that the 
coated plate was allowed to stand at room temperatre for 
3-5 minutes, and H refers to that the coated plate was 
dried at 60''C for 10 minutes. 
5 The performance of each mu 1 1 1 I ayer film was 

measured by the following test methods. 
Chipping resistance 

Each plate coated with a pr\mer coating, an 
intermediate coating, a coloring base coating, a pearl- 
10 like base coating and a clear coating and subjected to 
heating and curing was tested under the following condi- 
t i ons. 

(1) Tester: 0-6-R Gr ave I ometer (trade name, 
a product of 0 Panel Go.) 
15 (2) Stones sprayed: 

crushed stones having diameters 
of about 15-20 mm 

(3) Volume of stones sprayed: about 500 ml 

(4) Air pressure used for spraying: 
20 about 4 kg/ cm ^ 

(5) Test temperature: about 20^C 

A test piece was fixed to a test piece holder. 
About 500 ml of crushed stones were hit against the film 
surface of the test piece at an air pressure of about 4 
25 kg/cm^. The condition of the f i Im surface after hitting 
was visually examined and evaluated according to the 
following standard. 

A: (good) very slight scar caused by impact 
is seen in part of the clear coating film, 
30 and there is no peeling of the pear I - 1 i ke 

base coating film. 
B: (borderline good) scar caused by impact is 
seen in the clear coating film, the pearf- 
like base coating film and the coloring 
35 base coating film, and peeling caused by 

impact is seen in some places of the i n- 
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termed! ate coating film and the primer 
coat i ng f i Im. 
C: (poor) much pee I i ng caused by impact is 

seen in the intermediate coating fi Im. and 
considerable peeling caused by impact is 
seen in the e I ectrocoat i ng f i Im. 

I r idescence feel i ng 

SV (scatter value) and IV (intensity value) 
were measured using ALCOPE LMR 100 (trade name) (a 
product of Kansai Paint Co.. Ltd.). SV is measured as 
follows. A laser beam is appi ied on a clear f i Im at an 
incident angle of 45* : a reflected light of regular 
reflection territory, giving the minimum intensity is 
captured: the intensity of the light is converted to a 
single output; and the signal output is converted to SV 
using a given formula. SV indicates the intensity 
(whiteness, degree of I i ght scatter i ng) of the diffuse 
reflection light generated by the striking of the laser 
beam upon scaly mica. A higher SV indicates a higher 
whiteness. IV is measured as follows. A laser beam is 
applied on a clear film at an incident angle of 45 ; a 
reflected I i ght of non-specular reflection territory, 
giving the maximum intensity is captured; the intensity 
of the light is converted to a si gna I output ; and the 
signal output is converted to IV using a given formula. 
IV indicates the intensity (luminance, brightness and 
metallic luster) of the regular reflection light gener- 
ated by the striking of the laser beam upon scaly mica. 
A higher IV indicates a higher metallic I uster f ee I i ng. 
Unevenness 

Visually examined in a room by ten experienced 
testers in charge of testing film finish. The ratings 
by the ten testers were totalized. A indicates "good"; 
B indicates "borderline good"; and C indicates "bad". 



CLAIMS 

1. A process for forming a multilayer film by 
applying, on a siibstrate, the following coatings in the 
following order: 

(A) a primer, 

(B) an intermediate coating, 

(C) a colouring base coating, 

(D) a pearl-like base coating, and 

(E) a clear coating, 

in which process the intermediate coating (B) is a liquid 
thermosetting coating comprising a thermosetting resin 
composition, a fine aluminium powder having an average 
particle diameter of less than 10 /xm and a titanium oxide 
pigment, the amounts of the fine aluminium powder and the 
titanium oxide pigment being from 0.1 to 30 parts by weight 
and from 1 to 200 parts by weight, respectively, per 100 
parts by weight of the thermosetting resin composition so 
that a film formed from the liquid thermosetting coating 
has a hiding power of 25 {im or less; the colouring base 
coating (C) is a coating comprising a thermosetting resin 
composition, a titanium white pigment and an aluminium 
flake, the amounts of the titanium white pigment and the 
aluminium flake being such that a film formed from the 
coating has a value of from N 7 to N 9 in Munsell's colour 
system; and the pearl-like base coating (D) is a white- 
pearl -like or silver-pearl -like coating comprising a 
thermosetting resin composition and a scaly mica powder 



• - 25 - 
coated with titanium oxide. 

2. A process according to claim 1, wherein the 
average particle diameter of the fine aluminium powder in 
the intermediate coating (B) is in the range of from 3 to 7 

5 fim. 

3. A process according tP claim 1 or 2, wherein in 
the intermediate coating (B), the amounts of the fine 
aluminium powder and the titanium oxide pigment are from 1 
to 7 parts by weight and from 80 to 120 parts by weight, 

10 respectively, per 100 parts by weight of the thermosetting 

resin composition. 

4. A process according to any preceding claim, 
wherein in the intermediate coating (B) , the thermosetting 
resin composition comprises a crosslinkable functional 

15 group -containing base resin and a crosslinking agent, the 
base material resin being a polyester resin. 

5. A process according to any preceding claim, 
wherein the intermediate coating (B) is capable of forming 
a film having a glass transition temperature of 40«'C or 

20 less . 

6. A process according to claim 1, wherein in the 
intermediate coating (B) , the total amount of the fine 
aluminium powder and the titanium oxide pigment is such 
that the film formed from the intermediate coating (B) has 

25 a hiding power of from 8 to 20 fixa. 

7. A process according to any preceding claim, 
which comprises applying the colouring base coating (C) 
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..after the application of the intermediate coating (B) and 
subsequent crosslinking and curing of the film formed from 
the intermediate coating (B) . 

8. A process according to any preceding claim, 
wherein the film formed from the intermediate coating (B) 
has a film thickness of from 10 to 25 ptm when cured. 

9. A process according to any preceding claim,, 
wherein the colouring base coating (C) is capable of 
forming a coloured film having a value of from N 7.5 to N 
8,8 in Munsell's colour system, 

10. A process according to any preceding claim, 
wherein the titanium white pigment in the colouring base 
coating (C) has an average particle diameter of from 0.2 to 
0 . 35 ftm. 

11. A process according to claim 1, wherein the 
aluminium flake in the colouring base coating (C) has a 
thickness of from 0.1 to 1 ^m, particle diameters of from 1 
to 20 fim and ah average particle diameter of 10 /im or less. 

12. A process according to any preceding claim, 
wherein the colouring base coating (C) contains the 
aluminium flake in an amount of from 0.5 to 10 parts by 
weight per 100 parts by weight of the titanium white 
pigment . 

13. A process according to claim 12, wherein the 
colouring base coating (C) comprises the aluminium flake in 
an amount of from 1 to 5 parts by weight per 100 parts by 
weight of the titanium white pigment. 
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14. A process according to any preceding claim, 
wherein the colouring base coating (C) comprises the 
titanium white pigment and the aluminium flake in a total 
amount of from 40 to 250 parts by weight per 100 parts by 
weight of the solid content of the thermosetting resin 
composition. 

15 A process according to any preceding claim, 
wherein the film of the colouring base coating (C) has a 
thickness of from 5 to 20 fim when cured. 

16. A process according to any preceding claim, 

wherein the colouring base coating (C) is capable of 
formihg a film having a glass transition temperature of 

from 80«C to 100«>C. 

17. A process according to any preceding claim, 

15 wherein the scaly mica powder coated with titanium oxide is 

non- iridescent . 

18 . A process according to any preceding claim, 
wherein the scaly mica powder coated with titanium oxide 
has a maximum diameter of from 5 to 60 Mm and a thickness 

20 of from 0.25 to 1.5 /im. 

19. A process according to any preceding claim, 
wherein the scaly mica powder coated with titanium oxide 
is coated with titanium oxide in an optical thickness of 
from 90 to 160 nm and a geometrical thickness of from 40 to 

25 70 nm. 

20. A process according to any preceding claim, 
wherein the pearl-like base coating (D) contains the scaly 
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mica powder coated with titanium oxide, in an amount of 
from 3 to 20 parts by weight per 100 parts by weight of the 
solid content of the thermosetting resin composition in the 
base coating (D) • 
5 21. A process according to any preceding claim, 

wherein the film of the base coating (D) has a thickness of 
from 5 to 20 fim when cured, 

22. A process according to aiiy preceding claim, 
wherein the total thickness of the film of the base coating 

10 (C) and the film of the base coating (D) is 30 jim or less 
when cured . 

23, A process according to any preceding claim, 
wherein the film of the clear coating (E) has a thickness 
of from 10 to 100 fim when cured. 

15 24. A process according to any preceding claim, 

wherein the colouring base coating (C) , the pearl -like base 
coating (D) and the clear coating (E) are applied on a wet- 
on-wet basis and then the resulting films of the coatings 
(C) , (D) and (E) are heated at a temperature of from 100 

20 to 160**C to cross-link and cure the films simultaneously. 

25. A process according to any preceding claim, 
wherein preliminary drying is conducted at a temperature of 
from 50 to 100 between the application of the colouring 
base coating (C) and the application of the white-pearl- 

25 like or silver-peal -like base coating (D) and/or between 

the application of the white-pearl-like or silver-peal -like 
base coating (D) and the application of the clear coating 
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26. An article comprising a multilayer film formed 
by the process of any preceding claim. 

27. A process according to any of claims 1 to 25, 
substantially as described in any of Examples 1 to 4. 

28. An article according to claim 26, substantially 
as described in any of Examples 1 to 4 . 
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